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Abstract

Background: Procalcitonin (PCT) is a widely used biomarker of sepsis in human medicine and can have potential
applications in the veterinary field. This study aimed to explore whether PCT could be measured in the saliva of pigs
and whether its concentration changes in sepsis. Therefore, a specific assay was developed and analytically validated,
and changes in PCT concentration were evaluated in two conditions: a) in an experimental model of sepsis produced
by the administration of lipopolysaccharide (LPS) to pigs (n=15), that was compared with a model of non-septic
inflammation induced by turpentine oil (n=4), and b) in healthy piglets (n=11) compared to piglets with meningitis

farms.

value <0.0001).

(n=20), a disease that usually involves sepsis and whose treatment often requires large amounts of antibiotics in

Results: The assay showed coefficients of variation within the recommended limits and adequate linearity after
serial sample dilutions. The method's detection limit was set at 68 pg/L, and the lower limit of quantification was
414 ug/L. In the LPS experiment, higher concentrations of PCT were found after 24 h in the animals injected with
LPS (mean=5790 ug/L) compared to those treated with turpentine oil (mean=2127 ug/L, P=0.045). Also, animals
with meningitis had higher concentrations of PCT (mean=21515 pg/L) than healthy pigs (mean =6096 ug/L, P

Conclusions: According to these results, this assay could be potentially used as a tool for the non-invasive detection
of sepsis in pigs, which is currently a topic of high importance due to antibiotic use restriction.
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Background

Procalcitonin (PCT) is the 13kDa precursor of cal-
citonin, a hormone with a metabolic role in calcium
homeostasis [1, 2]. Almost all PCT is converted into
calcitonin in healthy humans, and thus PCT concentra-
tions are in low values in blood [3]. However, in sepsis,
PCT is released massively into the bloodstream, and
concentrations can rise thousands of fold compared to
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the physiological values [2, 4—6]. Therefore, its measure-
ment in the blood is widely used in human medicine to
diagnose and monitor sepsis and guide antibiotic treat-
ment in bacterial infections, which could be particularly
important in the fight against antibiotic resistance [7, 8].
However, there is limited information on the potential
applications of this biomarker in veterinary medicine.
Particularly in pigs, few studies have been conducted
evaluating PCT, and in all cases, this analyte has been
measured in serum [5, 9-12].

Saliva is increasingly being used as a diagnostic fluid in
animals due to its non-invasive nature and ease of collec-
tion by non-specialist personnel. In pigs, saliva is a much
more welfare-friendly choice because it avoids the high
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stress that causes blood collection due to restraining. To
date, it has been reported in humans that PCT can be
measured in this sample type and may have the potential
for detecting sepsis [13]. However, to the authors’ knowl-
edge, PCT has not been measured in the saliva of any
other animal species.

This study aimed to investigate if PCT could be ana-
lysed in the saliva of pigs and whether its concentration
would change in situations of sepsis. For that purpose,
the objectives of this study were to develop and validate
a specific assay for the measurement of PCT in pig saliva
and to evaluate changes in its concentration in two differ-
ent situations: a) in an experimental model of sepsis by
the administration of lipopolysaccharide (LPS) to pigs,
which was compared with a model of non-septic inflam-
mation induced by turpentine oil and b) in pigs from a
commercial farm with meningitis, which is a condi-
tion associated with sepsis and whose treatment is often
related to the use of large amounts of antibiotics [14—16].
This article reports the analytical validation of the new
assay developed for the measurement of PCT in saliva
and the values of PCT in pigs in the different situations
above described.

Results

Optimisation of the method

The optimal concentration of reagents was 4.5 nM for
biotinylated PCT, 15 pg/ml for acceptor beads, and 15
pg/ml for donor beads. This combination showed the
higher magnitude of signal change before reaching the
reaction equilibrium, as well as the maximum buffer
signal obtained, and the higher buffer/protein ratio. The
final protocol is shown in Fig. 1, and the schematic pic-
ture of the AlphaLISA reaction for procalcitonin detec-
tion is displayed in Fig. 2.

Analytical validation of the salivary PCT assay

The intra-assay variation showed CVs of 15.59% and
inter-assay CVs of 18.19%. The assay also showed ade-
quate linearity after serial sample dilutions, both with
a coefficient of determination of R*=0.99, as repre-
sented in Fig. 3. The mean spike recovery test was 88%,
between the recommended limits (80—120%) in all cases.
The method’s LOD was set at 68 pg/L, and the LLOQ at
414 pg/L.

Changes in salivary PCT after the LPS model

One hour after the injection of LPS, all animals from this
group started to show lethargy, increased respiratory rate
and depression during approximately 7 h. In addition,
one of the animals presented vomiting, and another ani-
mal had diarrhoea. The median rectal temperature of the
animals after 6 h of the administration of LPS was 41.3°C.
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In the turpentine oil group, the animals showed mild
signs of discomfort for several hours but remained alert
and active. The median rectal temperature of the ani-
mals after 6 h of the administration of turpentine oil was
39.9°C.

In the multiple comparisons test, higher concen-
trations of PCT were found at T24 in the animals
injected with LPS (mean+SD=57904+2060 pg/L)
compared to those treated with turpentine oil
(mean=+SD=212741365 pg/L), P=0.045. The results
are graphically represented in Fig. 4.

Changes in salivary PCT in meningitis

Animals with meningitis had as most frequent symp-
toms ataxia, anorexia, lateral recumbency, and paddling
and a median rectal temperature of 40.5°C (39.6—40.7°C,
interquartile range). The pigs with meningitis had higher
concentrations of PCT (mean=215154+13289 pg/L)
than healthy pigs (mean=6096+3976 pg/L), with P
value<0.0001. The concentrations of PCT in animals
with meningitis vs healthy group are represented in
Fig. 5.

Discussion

This study describes the quantification of PCT in the
saliva of pigs for the first time. The assay used was a com-
petitive immunoassay, which has the advantage of detect-
ing antigens regardless of their size, making them helpful
for quantifying low molecular weight proteins [17]. This
assay showed intra and inter-assay imprecision lower
than 20%, which is considered the generally accepted
limit [18] and also showed high correlation coefficients
and good linearity and spike recovery in serially diluted
saliva samples. Therefore, it could be used to measure
PCT in porcine saliva. This assay is specific for pigs, and
this is important since the homology between human and
porcine PCT is low [19], which could explain why human
ELISA kits cannot detect in some studies PCT concen-
trations in pigs [5].

The additional advantage of this assay is the use of
AlphaLISA technology, which has shorter incubation
times than ELISA and does not need any washing step.
In addition, it requires a minimum amount of sample
(5 pL) for the analysis, which in the case of pig saliva is
especially useful in sick animals, in which it is frequent to
obtain small amounts of saliva samples.

The concentrations of PCT in healthy and septic pigs
found with this immunoassay were higher than those
described in human blood. As this is the first time that
PCT has been measured in the saliva of pigs, there are
no established reference ranges described in this spe-
cies and sample. Higher PCT values than humans have
been observed in other veterinary species such as horses
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Fig. 1 AlphalISA protocol for PCT measurement in the saliva of pigs

[20]. Although further studies are needed to understand
the reason for these different concentrations, one factor
could be the influence in circulating PCT of the species-
specific quantities of gram-negative bacteria present
in the normal intestinal flora [21, 22]. This factor could
explain that in previous reports in horses [23] and our
study in pigs, basal concentrations of PCT were detect-
able, whereas, in humans, basal concentrations of PCT
are usually undetectable.

Also, the different magnitude of concentration
observed could be due to the type of biological sam-
ple or the immunoassay used. For example, in human
saliva, two-fold higher concentrations of PCT have been
observed compared to serum [13]. Additionally, the anti-
body used in the assay and its possible affinity to different
conformations or states of PCT could lead to differences

in immunoassays, as reported with other molecules such
as oxytocin [24]. Moreover, PCT is a precursor of the Cal-
citonin Gene Family of Peptides, which means that other
peptides very similar to PCT are eventually released into
the bloodstream and could be easily detected by some
assays. These peptides have different biological functions,
but some share some similarities with PCT, like its pos-
sible increase in sepsis, such as adrenomedullin and cal-
citonin [25, 26].

The experimental model with LPS was used to test the
ability of the immunoassay to detect different concentra-
tions of PCT, since higher concentrations of this pep-
tide have been observed in studies with animals treated
with LPS [4, 27]. Increases in PCT were also detected in
the group treated with turpentine oil, which produces
a non-septic inflammation. However, these increases
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Fig. 2 Schematic picture of the AlphaLISA reaction for procalcitonin detection. DB, donor bead; S, streptavidin; B-PCT, biotinylated procalcitonin;
PCT, procalcitonin of the sample; PCTAb, Anti-procalcitonin polyclonal antibody; G, protein G; AB, acceptor bead
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Fig. 3 Linearity of dilution of two saliva samples with a high concentration of procalcitonin (ug/L). The obtained salivary procalcitonin
concentrations are represented in X-axis, and the expected salivary procalcitonin concentrations are represented in Y-axis. r = coefficient of

were of lower magnitude compared with the LPS group.
For example, the pigs with the LPS administration had a
mean 6.35-fold increase at T24 compared to TB, whereas
at T24, the pigs with the turpentine oil administration
had a mean 1.64-fold increase compared to TB. These
increases in PCT in non-septic inflammatory conditions
have been described in humans in conditions like severe
burns, trauma, or major surgery. These increases are usu-
ally of less magnitude [28], similarly to what occurs in
our study, and therefore, in human medicine, the use of

cut-off points that help differentiate diseases caused by
sepsis and non-septic inflammatory conditions is stand-
ardised [29].

At the farm level, the piglets with meningitis in our
study had a mean 3.53-fold increase in PCT concen-
trations compared to healthy piglets. The magnitude
of increases in PCT obtained in our study in sepsis is
consistent with previous studies performed in human
saliva. For example, a 3.45-fold increase in salivary
PCT was observed in exacerbations of bacterial origin
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Fig. 4 PCT concentrations (ug/L) at the evaluated times in the LPS and turpentine oil. BT =basal time; T3, T24 and T48 = 3, 24 and 48 h after the
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Fig. 5 PCT concentrations (ug/L) in the pigs with meningitis
compared with the healthy group. Graphs show medians (line
within box), 25th and 75th. percentiles (boxes), min and max values
(whiskers) and individual values (points). Asterisks indicate statistically
significant differences (**** =P <0.0001)

in Chronic Obstructive Pulmonary Disease [13]. In
our study, the magnitude of increase of PCT in pig-
lets with meningitis compared to healthy ones was
lower than in the LPS group. These variations could

be related to the differences in severity and duration
over time of the two conditions. They could also be
influenced by differences based on age, as in human
medicine, PCT average concentrations are higher in
neonates [30], and in our study, the piglets from the
healthy/meningitis group were younger than the pigs
from the LPS model. Therefore, reference ranges for
different pathologies and ages should be established
in the future in the case of PCT in saliva. Also, PCT
levels in saliva could be influenced by the health status
of the farm, a factor that should be studied in more
detail in future research.

The main limitation of this report is the number of
animals used; consequently, this should be considered a
pilot study. In addition, although the target of the study
was to validate the method in a non-invasive sample
that did not generate stress on the animals, another
limitation would be the lack of comparison with other
biological samples such as serum. A correlation was
reported between procalcitonin in saliva and serum
from humans [31], but there is no data in the pig.
Therefore, further research would be of interest to vali-
date this assay in other potential samples. In addition, a
more significant sample and a more extensive range of
pathologies at the farm level are necessary to set opti-
mal cut-offs points, ideally at different ages, to differen-
tiate between animals with and without sepsis. Another
limitation of this study is that it cannot be ensured that
in our work conditions, the streptococcal meningitis
was not accompanied by other concomitant pathologies
that can occur in this disease [32].
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Conclusions

A precise and accurate assay has been developed to
quantify PCT in the saliva of pigs. This assay was
applied to the saliva of pigs with experimentally
induced sepsis and non-septic inflammation, and the
increases were higher in the septic model. The assay
also detected higher values of PCT in the saliva of
piglets with meningitis compared to healthy piglets.
Therefore, this assay could be potentially used as a tool
for the non-invasive detection of sepsis in pigs, which
is currently a topic of high importance due to antibiotic
use restriction.

Methods

Development and optimisation of the assay for PCT
measurement

Antibody production

Antibodies were produced according to standard pro-
tocols (University of California Berkley Animal Care
and Use Committee, 2009) in a New Zealand rabbit
(female, 2.5 kg, 3-months old) supplied by the com-
mercial farm Granja San Bernardo (Navarra, Spain).
The rabbit was immunised using 100 pg of porcine
PCT (Biovendor, RD572451100) as an antigen, diluted
in NaCl and emulsified in Freund’s adjuvant (complete
in the first immunisation, incomplete in the booster
ones) in a total of 0.2 ml subcutaneously [33]. A week
after each immunisation, blood was collected via the
auricular vein of the rabbit, and serum was screened
through ELISA to evaluate the antibody titration. After
the final blood collection, the rabbit was anaesthetised
with intramuscular xylazine at a dose of 3-9 mg/kg.
Then, when the rabbit reached unconsciousness, it was
euthanised by barbiturate overdose through intrave-
nous administration of sodium pentobarbital at a dose
of 150 mg/kg.

Antibody purification

To avoid interferences of the antibodies with other
compounds, they were purified with an automated liq-
uid chromatography system (AKTA pure, GE Health-
care Life Sciences), passing the rabbit serum through
a HiTrap protein G HP affinity column according to the
manufacturer’s instructions (GE Healthcare Life Sci-
ences, Munich, Germany).

PCT biotinylation

PCT was biotinylated with the commercial kit EZ-
Link™, Micro Sulfo-NHS-Biotin, No—\)(/eightTM Format
(Thermo Scientific, USA) with a 50-fold molar excess
following the manufacturer’s instructions.
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Development and optimisation of AlphalISA method
Alphal.ISA technology (PerkinElmer, Inc., MA, USA)
allows the development of amplified luminescent proxim-
ity homogeneous assays that provide several advantages
over other similar assays, such as the no need to wash the
plate or the use of minimal sample quantities. An indirect
competitive assay was developed for PCT measurement,
which can be performed in 96-well plates (PerkinElmer,
Inc., MA, USA) with a total volume of 50 uL per well. In
order to optimise assay conditions, different concentra-
tions of all components were evaluated. The performance
of each combination was tested with a constant amount
of procalcitonin (1000 ng/ml) and assay buffer used as a
blank. Then, the magnitude of signal change (expressed
as counts in AlphaLISA assays), the maximum signal
obtained and the buffer/protein ratio were evaluated
with each condition. The combinations that were tested
included 0, 0.3, 3, 4.5 and 6 nM of biotinylated PCT; 10
and 15 nM of polyclonal antiPCT antibody; 5, 10, 15
and 20 pg/ml of Donor beads coupled to streptavidin;
and 5, 10, 15 and 20 pg/ml of Acceptor beads coupled
to protein G (PerkinElmer, Inc., MA, USA). In addition,
several samples with high and low concentrations of pro-
calcitonin were diluted ranging from 1:2 to 1:16 to assess
which dilution showed best linearity. As a standard, a
commercial porcine PCT (Biovendor R&D, Brno, Czech
Republic) was used, and the curve was conducted with
concentrations ranging from 10 to 10000 ng. Finally, the
performance of three different buffers (PBS, alpha buffer
and universal buffer, the last ones from PerkinElmer, Inc.,
MA, USA) was tested with the standard and several sam-
ples. Results were expressed in pg/L.

Analytical validation of the AlphaLISA method

Imprecision

Imprecision was assessed through intra and inter-assay
coefficients of variation (CVs), calculated as the standard
deviation divided by the mean of the values of the differ-
ent replicates multiplied by 100. The intra-assay impre-
cision was calculated by measuring five replicates of
samples with a high, medium, and low concentration of
PCT at the same time. The assessment of the inter-assay
imprecision was performed by the measurement of five
aliquots of each saliva sample that were stored at -80°C,
and each one was analysed in duplicate along five different
days. All the samples used in the analytical validation were
obtained from the LPS experimental model described in
this article.

Accuracy
Accuracy was tested by assessing the linearity of serial
sample dilution. Also, the matrix effect was tested
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through spike and recovery tests as previously reported
[34, 35]. Two samples with a high PCT concentration
were serially diluted from 1:4 to 1:128 with the assay
buffer for the linearity assessment. The recovery experi-
ment was performed by adding different concentrations
of porcine PCT standard (10000, 5000, 3000, 1000, 300
and 10 ng) to a diluted (1:4) porcine saliva sample with a
low concentration of PCT.

Sensitivity

Sensitivity was assessed by the limit of detection (LOD)
and the lower limit of quantification (LLOQ). LOD was
calculated as the mean value of 12 replicate PCT deter-
minations of the assay buffer plus three standard devia-
tions (SD). In contrast, LLOQ was evaluated by serially
diluting a porcine saliva sample with the assay buffer and
analysing five replicates of each dilution. Then, CVs of
each dilution were calculated, and LLOQ was set on the
lowest PCT concentration that could be repeatedly meas-
ured with a 20% CV or lower.

Changes in PCT in an LPS experimental model

Animals

Growing male pigs [(Sus scrofa domesticus) (Large
White)] in the mid-fattening period from the Experimen-
tal Farm of the University of Murcia (Murcia, Spain) were
used to perform the experimental model. On this farm,
pigs are kept from birth until they are sent to the slaugh-
terhouse at about 24 weeks old. At the moment of sam-
pling, pigs were 14 weeks old and had a median weight of
51.5 kg (interquartile range 48-53 kg). Pigs were given ad
libitum access to a nutritionally balanced diet and water
and were housed with a minimum space of 0.65 m?* per
animal (Council Directive 2001/88/CE of 23 October
2001 amending Directive 91/630/CEE concerning mini-
mum standards for the protection of pigs) and an average
temperature of 2442 °C.

Groups and sample collection

A total of nine animals were chosen at random by con-
venience sample and were divided into two separate
groups for the experimental model. Animals were
adapted to experimental conditions (groups, housing,
diet, and ambient temperature) for one week before start-
ing the experiment. All animals and samples obtained
were appropriately identified to avoid potential con-
founders. No prior potential animal exclusion criteria
were established, and there were no later exclusions from
the study. All participants were aware of the location of
the two groups during all phases of the experiment. The
first group (n=>5) was administered LPS from Escheri-
chia Coli (LPS; OS55:BS, Sigma-Aldrich) reconstituted
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in sterile saline solution in a single dose of 30 ug/kg per
animal by intramuscular route [36]. In the second group
(n=4), the animals were treated with a total of 8 mL sub-
cutaneous injections of turpentine oil (oil of turpentine
purified, Sigma—Aldrich), 4 mL in each front flank per
animal, as previously described [37].

The administration of the compounds was performed
between 8-9 am, and based on the time of the injection
of each animal, 4 sample collection times were estab-
lished: BT (basal time, 24 h before the LPS and turpen-
tine oil injections), used as a control sample; and T3,
T24 and T48 (3, 24 and 48 h after the respective intra-
muscular injections). At each time, saliva samples from
all the animals were collected. Additionally, rectal tem-
perature was measured 6 h after administration of both
compounds.

Saliva was collected using a sponge clipped to a flexible
thin metal rod approximately 20 cm in length. Pigs were
allowed to chew on the sponge until thoroughly moist,
and then, the sponges were introduced in Salivette tubes
(Sarstedt, Aktiengesellschaft & Co. D-51588 Niimbre-
cht, Germany). All samples were kept refrigerated until
arrival at the laboratory, where the Salivette tubes were
centrifuged at 3000 g and 4°C for 10 min to obtain saliva.
Then, samples were transferred into Eppendorf tubes and
stored at -80°C until analysis.

Changes of PCT in meningitis

Animals

Weaning pigs [(Sus scrofa domesticus) (Large White)] from
6 to 9 weeks old from a commercial farm located in the
same geographical area as the University of Murcia (Region
of Murcia, south-eastern Spain) were chosen at random by
convenience sample. Two groups were established, inte-
grated by clinically healthy pigs (n=11) belonging to one
pen and pigs diagnosed with meningitis (n=20) belong-
ing to another pen. All animals and samples obtained were
appropriately identified to avoid potential confounders. The
animals with meningitis had clinical symptomatology com-
patible with this disease [32] and had been recently positive
to Streptococcus suis in bacteriological cultures performed
in blood agar plates following standard procedure [38].
After the study, the animals were kept in the farm under
the standard production management. No prior potential
animal exclusion criteria were established. There were no
later exclusions from the study. All participants were aware
of the location of the two groups during all phases of the
experiment.

Sample collection
Saliva was collected, processed and analysed as described
in the previous subsection Groups and sample collection.
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Statistical analysis

Descriptive statistics and linear regression equations
were calculated using routine descriptive statistical pro-
cedures and computer software (Excel 2016, Microsoft).
Statistical analysis and graphs were performed using
RStudio software (RStudio Team (2019). RStudio: Inte-
grated Development for R. RStudio, Inc., Boston, MA
URL http://www.rstudio.com/) and Graph Pad software
(GraphPad Prism, version 9 for Windows, Graph Pad
Software Inc., San Diego, USA).

The LPS and turpentine oil experiment data were
evaluated for normality of distribution using the Sha-
piro—Wilk test and showed a non-normal distribution;
therefore, data were log-transformed and then analysed
with a linear mixed model followed by a multiple com-
parisons test. The data from the healthy piglets and pig-
lets with meningitis were evaluated for normality of
distribution using the Shapiro—Wilk test and showed a
non-normal distribution; therefore, data were log-trans-
formed and evaluated with an unpaired-two sample t-test
to evaluate differences between both groups. Results
were reported as mean= SD of results expressed as pg/L
of PCT and represented in box and whiskers plots in Fig-
ures. The alpha level for determination of significance
was 0.05.

Abbreviations
PCT: Procalcitonin; LPS: Lipopolysaccharide; CVs: Coefficients of variation; LOD:
Limit of detection; LLOQ: Lower limit of quantification; SD: Standard deviation.

Acknowledgements
We thank Raquel Solano Martinez from Cefu S.A. for her assistance in sampling
the groups of healthy piglets and piglets with meningitis.

Authors’ contributions

JJC, SM and FT designed the study and contributed in the implementation

of the research. MJL and SM performed the development and validation of
the PCT assay. MJL, DE, SM and GR performed the LPS and turpentine oil
model experiment and took the saliva samples. MJL analysed the data, drafted
the manuscript and designed the graphics. JJC, FT and EGM were major
contributors to the analysis of the results and to the writing and revising of the
manuscript. All authors read and approved the final manuscript.

Funding

Marfa José Lopez Martinez was funded by 21293/FPI/19, Fundacion Séneca,
Region de Murcia (Spain). Damidn Escribano Tortosa was funded by the
postdoctoral contract ‘Generational renewal to promote research” of the
University of Murcia. This study was supported by Grant Reference PID2019-
105950RB-100 funded by MCIN/AEI/10.13039/501100011033. The funder did
not have any role.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Ethical Committee on Animal Experimentation (CEEA) of the University
of Murcia approved the research protocol in this study with approval number

Page 8 of 9

CEEA 563/2019, according to the European Council Directives regarding the
protection of animals used for experimental purposes. Also, this study com-
plies with ARRIVE guidelines for the care and use of animals.

Consent for publication
Not applicable.

Competing interests
J.J.Ceron'is a Senior Board Member of the journal.

Author details

'Interdisciplinary Laboratory of Clinical Analysis, Interlab-UMU, Regional Cam-
pus of International Excellence Campus Mare Nostrum, University of Murcia,
30100 Murcia, Espinardo, Spain. 2Department of Animal Production, Regional
Campus of International Excellence Campus Mare Nostrum, University

of Murcia, Campus de Espinardo n.17, 30100 Murcia, Espinardo, Spain. >Pig
Development Department, The Irish Food and Agriculture Authority, Teagasc,
Moorepark P61 C996, Fermoy, Co Cork, Ireland. *School of Veterinary Medicine,
University College Dublin, Belfield, Dublin 4 D04 W6F6, Ireland.

Received: 19 January 2022 Accepted: 8 April 2022
Published online: 15 April 2022

References

1. Becker KL, Nylén ES, White JC, et al. Procalcitonin and the calcitonin gene
family of peptides in inflammation, infection, and sepsis: A journey from
calcitonin back to its precursors. J Clin Endocrinol Metab. 2004,89:1512—
25. https://doi.org/10.1210/j¢.2002-021444.

2. Becker KL, Snider R, Nylen ES. Procalcitonin in sepsis and systemic inflam-
mation: A harmful biomarker and a therapeutic target. Br J Pharmacol.
2010;159:253-64. https://doi.org/10.1111/j.1476-5381.2009.00433 x.

3. Nakamura M, Kono R, Nomura S, Utsunomiya H. Procalcitonin : Mysteri-
ous Protein in Sepsis. Journal of Basic & clinical Medecine. 2013;2:3-7.

4. Morgenthaler NG, Struck J, Chancerelle Y, et al. Production of procalci-
tonin (PCT) in non-thyroidal tissue after LPS injection. Horm Metab Res.
2003;35:290-5. https://doi.org/10.1055/5-2003-41304.

5. Zannoni A, Giunti M, Bernardini C, et al. Procalcitonin gene expres-
sion after LPS stimulation in the porcine animal model. Res Vet Sci.
2012;93:921-7. https://doi.org/10.1016/j.rvsc.2011.09.011.

6. Matur E, Eraslan E, Cotelioglu U. Biology of procalcitonin and its
potential role in veterinary medicine. J Istanbul Vet Sci. 2017;1:16-27.
https://doi.org/10.30704/http-www-jivs-net.311279.

7. Davies J. Procalcitonin. Journal of Clinical Pathology. 2015;68:675-9.
https://doi.org/10.1136/jclinpath-2014-202807.

8. LiuHH, Guo JB, GengY, Su L. Procalcitonin: present and future. Ir J Med
Sci. 2015;184:597-605. https://doi.org/10.1007/511845-015-1327-0.

9. Chalkias A, Spyropoulos V, Georgiou G, et al. Baseline Values and Kinetics
of IL-6, Procalcitonin, and TNF- a in Landrace-Large White Swine Anesthe-
tized with Propofol-Based Total Intravenous Anesthesia. BioMed Research
International. 2021;2021:6672573. https://doi.org/10.1155/2021/6672573.

10. LiuY, Xu Q,Wang, et al. Necroptosis is active and contributes to intesti-
nal injury in a piglet model with lipopolysaccharide challenge. Cell Death
Dis. 2021;12:1-14. https://doi.org/10.1038/541419-020-03365-1.

11. Spyropoulos V, Chalkias A, Georgiou G, et al. Initial Immune Response in
Escherichia coli. Staphylococcus aureus, and Candida albicans Bactere-
mia. 2019. https://doi.org/10.1007/510753-019-01108-9.

12. Wagner KE, Martinez JM, Vath SD, et al. Early immunoneutralization of
calcitonin precursors attenuates the adverse physiologic response to
sepsis in pigs. Crit Care Med. 2002;30:2313-21. https://doi.org/10.1097/
00003246-200210000-00021.

13. Patel N, Belcher J, Thorpe G, et al. Measurement of C-reactive protein, pro-
calcitonin and neutrophil elastase in saliva of COPD patients and healthy
controls: correlation to self-reported wellbeing parameters. Respir Res.
2015;16:62. https://doi.org/10.1186/512931-015-0219-1.

14. Canning P, Costello N, Mahan-Riggs E, et al. Retrospective study of lame-
ness cases in growing pigs associated with joint and leg submissions to a
veterinary diagnostic laboratory. J Swine Health Prod. 2019,27:118-24.


http://www.rstudio.com/
https://doi.org/10.1210/jc.2002-021444
https://doi.org/10.1111/j.1476-5381.2009.00433.x
https://doi.org/10.1055/s-2003-41304
https://doi.org/10.1016/j.rvsc.2011.09.011
https://doi.org/10.30704/http-www-jivs-net.311279
https://doi.org/10.1136/jclinpath-2014-202807
https://doi.org/10.1007/s11845-015-1327-0
https://doi.org/10.1155/2021/6672573
https://doi.org/10.1038/s41419-020-03365-1
https://doi.org/10.1007/s10753-019-01108-9
https://doi.org/10.1097/00003246-200210000-00021
https://doi.org/10.1097/00003246-200210000-00021
https://doi.org/10.1186/s12931-015-0219-1

Lépez-Martinez et al. BVIC Veterinary Research (2022) 18:139

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34

35.

. Palmieri C, Varaldo PE, Facinelli B. Streptococcus suis, an emerging

drug-resistant animal and human pathogen. Front Microbiol. 2011,2:1-6.
https://doi.org/10.3389/fmicb.2011.00235.

. Pillman D, Surendran Nair M, Schwartz J, Pieters M. Detection of

Mycoplasma hyorhinis and Mycoplasma hyosynoviae in oral fluids and
correlation with pig lameness scores. Vet Microbiol. 2019;239: 108448.
https://doi.org/10.1016/j.vetmic.2019.108448.

. Censi S, Cavedon E, Fernando SW, et al. Calcitonin measurement and

immunoassay interference: A case report and literature review. Clin Chem
Lab Med. 2016;54:1861-70. https://doi.org/10.1515/cclm-2015-1161.

. Tecles F, Fuentes P, MartinezSubiela S, et al. Analytical validation of com-

mercially available methods for acute phase proteins quantification in
pigs. Res Vet Sci. 2007;83:133-9. https://doi.org/10.1016/j.rvsc.2006.10.005.

. Toribio RE, Kohn CW, Leone GW, et al. Molecular cloning and expres-

sion of equine calcitonin, calcitonin gene-related peptide-l, and calci-
tonin gene-related peptide-Il. Mol Cell Endocrinol. 2003;199:119-28.
https://doi.org/10.1016/50303-7207(02)00289-7.

Rieger M, Kochleus C, Teschner D, et al. A new ELISA for the quantification
of equine procalcitonin in plasma as potential inflammation biomarker in
horses. Anal Bioanal Chem. 2014;406:5507-12. https://doi.org/10.1007/
500216-014-7944-z.

Costa MC, Silva G, Ramos RV, et al. Characterization and comparison of
the bacterial microbiota in different gastrointestinal tract compartments
in horses. Veterinary Journal. 2015;205:74-80. https://doi.org/10.1016/].
tvjl.2015.03.018.

Dicks LMT, Botha M, Dicks E, Botes M. The equine gastro-intestinal

tract: An overview of the microbiota, disease and treatment. Livest Sci.
2014;160:69-81. https://doi.org/10.1016/jlivsci.2013.11.025.

Bonelli F, Meucci V, Divers T, et al. Kinetics of plasma procalcitonin,
soluble CD14, CCL2 and IL-10 after a sublethal infusion of lipopoly-
saccharide in horses. Vet Immunol Immunopathol. 2017;184:29-35.
https://doi.org/10.1016/j.vetimm.2016.12.010.

MacLean EL, Wilson SR, Martin WL, et al. Challenges for measuring
oxytocin: The blind men and the elephant? Psychoneuroendocrinology.
2019;107:225-31. https://doi.org/10.1016/j.psyneuen.2019.05.018.
Becker KL, Nash D, Silva OL, et al. Increased serum and urinary calcitonin
levels in patients with pulmonary disease. Chest. 1981;79:211-6.
https://doi.org/10.1378/chest.79.2.211.

Hu MI, Gagel RF. Calcitonin Gene Family of Peptides. Principles of Bone
Biology, Two-Volume Set. 2008;1:813-36. https://doi.org/10.1016/B978-0-
12-373884-4.00055-0.

Hui-heng L, Jun-sheng W, Jin-zhou L, et al. LPS induced PCT production
via TLR-4/NF-kB passway:it is the difference of G—/G+ bacteremia rats.
Cytokine. 2021;137: 155317. https://doi.org/10.1016/j.cyt0.2020.155317.
Becze Z.The Molecular Basis of Procalcitonin Synthesis in Different
Infectious and Non-Infectious Acute Conditions. J Hum Virol Retrovirol.
2016;3:3-6. https://doi.org/10.15406/jhvrv.2016.03.00085.

Schuetz P, Albrich W, Mueller B. Procalcitonin for diagnosis of infection
and guide to antibiotic decisions: past, present and future. BMC Med.
2011;9:107. https://doi.org/10.1186/1741-7015-9-107.

Eschborn S, Weitkamp JH. Procalcitonin versus C-reactive protein: review
of kinetics and performance for diagnosis of neonatal sepsis. J Perinatol.
2019;39:893-903. https://doi.org/10.1038/541372-019-0363-4.

Renjith A, Sujatha L. Estimation and correlation of procalcitonin in
saliva and serum of chronic periodontitis patients before and after
nonsurgical periodontal therapy: An analytical comparative study.
2021. https://doi.org/10.4103/jisp.jisp_166_20.

Obradovic MR, Segura M, Segalés J, Gottschalk M. Review of the specula-
tive role of co-infections in Streptococcus suis-associated diseases in pigs.
Vet Res. 2021;52:1-22. https://doi.org/10.1186/513567-021-00918-w.
Leenaars M, Hendriksen CFM. Critical steps in the production of poly-
clonal and monoclonal antibodies - Evaluation and recommendations.
ILAR J. 2005;46:269-79.

Andreasson U, Perret-Liaudet A, van Waalwijk van Doorn LJC, et al. A Prac-
tical Guide to Immunoassay Method Validation. Front Neurol. 2015;6:1-8.
https://doi.org/10.3389/fneur.2015.00179.

Munoz-Prieto A, Tvarijonaviciute A, Escribano D, et al. Use of heterologous
immunoassays for quantification of serum proteins: The case of canine
C-reactive protein. PLoS ONE. 2017;12: e0172188. https://doi.org/10.1371/
journal.pone.0172188.

Page 9 of 9

36. Petry A, McGilvray W, Rakhshandeh AR, Rakhshandeh A. Technical note:
Assessment of an alternative technique for measuring body temperature
in pigs. J Anim Sci. 2017,95:3270-4. https://doi.org/10.2527/jas2017.1566.

37. Martinez-Subiela S, Eckersall PD, Campbell FM, et al. A time-resolved immu-
nofluorometric assay for porcine C-reactive protein quantification in whole
blood. Luminescence. 2007,22:171-6. https.//doi.org/10.1002/bi0.945.

38. Reams RY, Glickman LT, Harrington DD, et al. Streptococcus suis infection
in swine: A retrospective study of 256 cases. part I. Epidemiologic factors
and antibiotic susceptibility patterns. J Vet Diagn Invest. 1993;5:363-7.
https://doi.org/10.1177/104063879300500310.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.3389/fmicb.2011.00235
https://doi.org/10.1016/j.vetmic.2019.108448
https://doi.org/10.1515/cclm-2015-1161
https://doi.org/10.1016/j.rvsc.2006.10.005
https://doi.org/10.1016/s0303-7207(02)00289-7
https://doi.org/10.1007/s00216-014-7944-z
https://doi.org/10.1007/s00216-014-7944-z
https://doi.org/10.1016/j.tvjl.2015.03.018
https://doi.org/10.1016/j.tvjl.2015.03.018
https://doi.org/10.1016/j.livsci.2013.11.025
https://doi.org/10.1016/j.vetimm.2016.12.010
https://doi.org/10.1016/j.psyneuen.2019.05.018
https://doi.org/10.1378/chest.79.2.211
https://doi.org/10.1016/B978-0-12-373884-4.00055-0
https://doi.org/10.1016/B978-0-12-373884-4.00055-0
https://doi.org/10.1016/j.cyto.2020.155317
https://doi.org/10.15406/jhvrv.2016.03.00085
https://doi.org/10.1186/1741-7015-9-107
https://doi.org/10.1038/s41372-019-0363-4
https://doi.org/10.4103/jisp.jisp_166_20
https://doi.org/10.1186/s13567-021-00918-w
https://doi.org/10.3389/fneur.2015.00179
https://doi.org/10.1371/journal.pone.0172188
https://doi.org/10.1371/journal.pone.0172188
https://doi.org/10.2527/jas2017.1566
https://doi.org/10.1002/bio.945
https://doi.org/10.1177/104063879300500310

	Measurement of procalcitonin in saliva of pigs: a pilot study
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results
	Optimisation of the method
	Analytical validation of the salivary PCT assay
	Changes in salivary PCT after the LPS model
	Changes in salivary PCT in meningitis

	Discussion
	Conclusions
	Methods
	Development and optimisation of the assay for PCT measurement
	Antibody production
	Antibody purification
	PCT biotinylation
	Development and optimisation of AlphaLISA method

	Analytical validation of the AlphaLISA method
	Imprecision
	Accuracy
	Sensitivity

	Changes in PCT in an LPS experimental model
	Animals
	Groups and sample collection

	Changes of PCT in meningitis
	Animals
	Sample collection

	Statistical analysis

	Acknowledgements
	References


